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MHKpocnopHZiHH — uiHpoKO pacnpocTpaHeHHax rpynna 6 jih3khx k rpw6aM o6jinraT- 
Hbix napasHTOB, npomefluiHx zuiHTejibHyio aflairraumo k BHyTpHKjieTOHHOMy pa3BHTHK>. 
B paGoTe o6o6meHbi nojiyneHHbie aBTopaMH opwrHHajibHbie pe3yjibTaTbi h jiHTepaTypHbie 
aaHHbie no H3yHeHHK) oco6eHHOCTen yrjieBO^Horo h 3HepreTHHecKoro MeTa6ojiH3Ma npezi- 
CTaBHTejieH 3 toh rpynnbi. Ha ocHOBaHHH H3Jio)KeHHoro MaTepnajia aejiaeTcx bubo# o tom, 
hto B xozie 3BOJHOUHH MHKpocnopHflHH MHHHMH3au,HX (J)yHKu,HOHajibHoro annapaTa KJieT- 
kh conpoBoamajiacb npHo6peieHHeM uejioro pajja yHHKaJibHbix ocoSeHHOCTeH, He o6Ha- 
py>KeHHbix y flpyrwx syKapwoT. 

Kntoneebie cnoea: MHKpocnopHjjHH, 3HepreTHHecKHH o6mch, mhtocomh, (J)epMeHTbi. 


MHKpocnopH/jHH — o6jiHraTHi>ie BHyTpHKJieTOHHbie napa3HTbi, BKjnoHaio- 
mne b Kpyr cbohx xcmeB npeACTaBHTeJien npaKTnnecKH Bcex ranoB >khbotho- 
ro qapcTBa (Hcch, 1986). Pa3BHTHe napa3HTOB noJiHocTbio npoTexaeT BHyTpH 
KJieTKH xo3HHHa, a CTa/jneii nepe>KHBaHH5i bo BHenmeH cpe^e HBjmeTCfl cnopa, 
oGjia/jaiomaa tojictoh cjiohcho ycTpoeHHOH oSojiohkoh h yHHKajibHbiM annapa- 
TOM 3KCTpy3HH, oSeCneHHBaiOmHM MexaHHHeCKOe npOHHKHOBeHHe cnopo- 
njia3Mbi bo BHOBb HHBa3HpyeMyio KJieTKy. Yace nepBbie pe3yjibTaTbi aHajiH3a 
tohkoto CTpoeHHH MHKpocnopHAHH noKa3ajiH OTcyTCTBHe y hhx qejioro pa/ja 
opraHenn h CTpyKTyp, CBOHCTBeHHbix 3yKapH0THHecK0H KJieTKe: 3anacHbix nn- 
TaTenbHbix Bem,ecTB b bh #e rpaHyn, mhtoxoh/jphh, jih3ocom, nepoKcncoM, 
«KnaccHnecKoro» annapaTa roJib/pKH. 

3th AaHHbie ho3bojihjih npe,anoJio>KHTb, hto MHKpocnopH^HH nepeuuiH 
k BHyTpHKjieTOHHOMy cymecTBOBaHHio eme #o noflBJieHHH b aTMoccJjepe AocTa- 
TOHHblX KOJTHHeCTB KHCJIOpOAa H, BCJie^CTBHe 3TOTO, JIHUieHbl MHTOXOH/JpHH 

(Mcch, 1978). AHann3 HyKJieoTH^HOH nocne/joBaTejibHocTH PHK Manon cy&be- 
AHHHqbi pnSocoM (Vossbrinck et al., 1987; Philippe, Adoutte, 1995) h onp e/je- 
jreHHe nocne^oBaTejibHocTH aMHHOKHCJioT jinn pH^a 6enKOB (Hashimoto, Hase- 
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gawa, 1996) no^TBep^HJiH yHHKajibHOCTb MHKpocnopH^HH Ha nepBOM 3Tane 
Hccne^OBaHHH. Tnn Microsporidia 6biJi .zjaace BbmeneH H3 no,zmapcTBa Protozoa 
b OT^enbHoe no,zmapcTBo Archezoa (Corliss, 1994). O^HaKo no3^ce Gbijih nojiy- 
neHbi y6e,aHTejibHbie .aaHHbie o (JmjioreHeTHHecKOH 6jih30cth MHKpocnopH.zi.HH 
c rpnGaMH h ,aoKa3aHO, hto nacTO HaOmo^aeMaH HH3Kan CTeneHb cxo^CTBa no- 
cne^OBaTejibHocTeH MHKpocnopH^HH h roMonorHHHbix reHOB rpnOoB ecTb 
cne^CTBHe Hpe3BbiHaHHOH njiacTHHHOCTH hx reHOMa (Van de Peer et al., 2000; 
Weiss, 2001). 

Ha OCHOBaHHH pOACTBa MHKpOCIIOpH^HH C rpnOaMH MO>KHO 3aKJIIOHHTb, HTO 
yKa3aHHbie Bbime «npHMHTHBHbie» nepTbi napa3HTOB Ha caMOM Jie npe^CTaB- 
jihiot pe3yjibTaT .zyiHTejibHOH a^anTaijHH k BHyTpHKJieTOHHOMy napa3HTH3My. 
HanpHMep, noTepa MHT 0 X 0 H,apHH MO^ceT paccMaTpHBaTbca, xax cne^CTBHe 
yCHJieHHH MeTaGoJIHHeCKOH 3aBHCHMOCTH OT KJieTKH X03HHHa, COnpOBO>KAaK)- 
meecfl yTpaTOH HUH CHH>KeHHeM HHTeHCHBHOCTH pjma COSCTBeHHbIX Ghoxhmh- 
necKHx nyTeii. Hn>Ke mbi paccMOTpHM pe3yjibTaTbi H3yneHHfl ocoOeHHocTen 
3HepreTHHecKoro oSMeHa MHKpocnopH^HH c nejibio noKa3aTb, hto ycHJieHHe 
MeTaOoJIHHeCKOH 3aBHCHMOCTH OT X03HHHa COnpOBO^aJIOCb He TOJIbKO MHHH- 
MH3anHeii coScTBeHHoro MeTaGojinnecKoro annapaTa napa3HTa, ho h npnoGpe- 
TeHHeM nejioro pajja yHHKajibHbix ocoGchhoctch, He o6Hapy>KeHHbix y /jpyrHx 
3yKapHOTHHeCKHX OpraHH3MOB. 


MCnOJlb30BAHME ATO/AflO-nEPEHOCHMKOB 
nJlACTMAHO-BAKTEPMAJlbHOrO THIIA IIPM IIAPA3HTHPOBAHMM 
MMKPOCnOPMAMH HA 3HEPrETHHECKOH CHCTEME X03HHHA 

BnepBbie npe^noJio^ceHHe 06 HcnoJib30BaHHH MHKpocnopH^HaMH AT<t> 
KJieTKH xo3HHHa 6biJio Bbi^BHHyTO Ha OCHOBaHHH 3KcnepHMeHTa, noKa3aBinero, 
hto ,ao6aBJieHHe 3toto coe^HHeHHH b cpe/jy jxnn KyjibTHBHpoBaHHa cnoponjia3M 
Nosema michaelis no^epncHBaeT coxpaHeHHe in vitro hx CTpyKTypbi (Weidner, 
Trager, 1973). B nonb3y 3 Toh THnoTe3bi cBH^eTenbCTBOBajiH h yjibTpacTpyK- 
TypHbie .ztaHHbie o nnoraoM KOHTaKTe mhtoxoh^phh X03aHHa c ijHTonjia3MaTH- 
necKOH MeMGpaHOH napa3HTOB (Durfort, Vallinitjana, 1982). rio3>Ke mbi noxa3a- 

JIH, HTO B aKTHBHO pa3MHOHCaiOIUHXC5I MepOHTaX H CnOpOHTaX MHKpOCnopH^HH 

Paranosema {Nosema, Antonospora) grylli , Bbi^ejieHHbix b rpa^neHTe nnoTHo- 
cth riepKOJuia (Seleznev et al., 1995), HaGnio.znaeTCfl 6onee HH3Kaa aKTHBHOCTb 
4>epMeHTOB rjiHKOJinaa no cpaBHeHHio c TaKOBOH b noKoamHxca cnopax (Dol¬ 
gikh, 2000). 3to no3Bonnno 3aKJiioHHTb, hto tjihkojih3 He Hcnojib3yeTca na- 
pa3HTaMH b KanecTBe ochobhoto nocTaBiuHKa AT<E> npn BHyTpHKJieTOHHOM 
pa3BHTHH, B to >Ke BpeMH co^epacaHne pe3epBHbix jinnH^oB (TpHTJiHnepH,aoB) 
h rnHKoreHa b 3apa^ceHHbix KJieTKax cHHacanocb npH6jiH3HTejibHO b o^HHaKO- 
boh cTeneHH (b 2—3 pa3a), a co^epacaHHe AT(£> h cooTHomeHHe KOHijeHTpa- 
Hhh A 7 Q >/ AJ \(£> b 3apa>KeHHOH KJieTKe B03pacTano b 4 pa3a no cpaBHeHHio c 
KOHTpojieM (/Jonnix h £p., 2002). TaK KaK JimiieHHBie mhtoxoh^phh MHKpo- 
cnopn^HH He MoryT caMocToaTejibHo Hcnonb30BaTb unnH^bi xo3aHHa b KanecT- 
Be 3HepreTHHecKoro cyOcTpaTa, oto kocbchho CBH^eTejibCTBOBajio 06 ycnjieH- 
hom KaTa6ojiH3Me 3anacHbix BemecTB caMHM xo3hhhom h napa3HTHpoBaHHH 
MHKpocnopH^HH Ha ero ATd>-cHHTe3HpyiomeH cncTeMe (/Jojithx h £p., 2002). 
AHajiH3 nepeHHCJieHHbix Bbime KOCBeHHbix .zjaHHbix no3BOJiHJi HaM Bbi^BHHyTb 
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rnnoTe3y 06 HcnoJib30BaHHH MHKpocnopH^HHMH cneuH(J)HMHi>ix ATO/A/^O-ne- 
peHocHHKOB (Weidner et al., 1999) h npHCTynHTb k hx noncKy. B nepByro 
onepe^b mh nonbuajiHCb Hairra y MHKpocnopHji.HH GejiKH, 6jiH3KHe k 
ATO/A/^O-T paHCJi0Ka3aM, npHcyTCTByiomuM bo BHyTpeHHeH MeMdpaHe mhto- 
xoh^phh, ho Bee nonbiTKH 0Ka3anHCb HeyjjaHHbiMH. 

npOTHBopenne yztanocb pa3peimrrb b pe3yjibTaTe pacimnjjpoBKH (J)paHuy3- 
ckhmh KOJiJieraMH reHOMa MHKpocnopH.zi.HH Encephalitozoon cuniculi (Katinka et 
al., 2001). TeHbi, KO/mpypomne MHTOxoHjjpHanbHbie ATO/A/^cp-nepeHocHHKH, 
,zteHCTBHTejibHo OTcyTCTBOBajiH y ^aHHoro napa3HTa. llpn 3tom 6biJio o6Hapy>Ke- 
ho 4 nocne^OBaTejibHOCTH, KOOTpyromHe GejiKH, cxoOTbie c ATO/A/^O-TpaHC- 
noKa3aMH njiacTH,nHo-6aKTepHajibHoro rana. ^aHHbiH ran nepeHOCHHKOB He 
HMeeT cxo^CTBa c MHToxoH^pHanbHbiMH TpaHcnopTepaMH h npHcyTCTByeT 
b MeMOpaHax BHyTpHKJieTOHHbix OaKTepHH Rickettsia prowazekii (Krause et al., 
1985) h Chlamydia trachomatis (Tjaden et al., 1999), a Taioice b miacra^ax 
pacTeHHH (Kampfenkel et al., 1995). ATO-TpaHcnoprapypoman aKTHBHocTb 
Bcex nerapex OejiKOB E. cuniculi 6buia no^TBep^eHa nocne hx OKcnpeccHH 
b 6aKTepHHX Escherichia coli (Tsaousis et al., 2008). EHOJiorHHecKHH cmbicji 
npHo6peTeHHH TaKHx nepeHOCHHKOB oneBH^eH. B oraHHHe ot GemcoB, ocyme- 
ctbji^fobuhx OKcnopT ATO H3 MHToxoH^pHH, nnacra^HO-GaKTepHaJibHbie 
TpaHcnopTepbi npHcnocoGneHbi k HMnopTy aHepreranecicoro cyGcTpaTa b Gaic- 
TepHaJibHbie KJieTKH h nnacTH^bi pacTeHHH. BpeMfl h MexaHH3M npnoGpeTe- 
HHfl COOTBeTCTBytOHtHX reHOB MHKpOCnOpH^HHMH OCTafOTCH HeH3BeCTHbIMH. 
nocKOJibKy nocJieztOBaTenbHocra, oGHapy^ceHHbie y napa3HTa nenoBeica E. cu¬ 
niculi , noKa3aJiH HanGoJibiuyK) CTeneHb cxo^cTBa c roMOJiorHHHbiMH reHaMH 
B036yztHTenH ra(j)a Rickettsia prowazekii , mo>kho GbiJio npe^nonaraTb, hto ne- 
peHOC npoH30iueji cpaBHHTenbHo He^aBHO b npe^enax HeGoJibinoH rpynnbi 
MHKpOCnopHOTH npH 3apa^CeHHH O^HOH KJieTKH X03HHHa OTyMH napa3HTaMH. 
O^HaKO b 2004 r. mbi o6Hapy>KHJiH £Be nocjie^OBaTejibHOcra, roMOJiorHHHbie 
nnacTHOTo-GaKTepHanbHbiM nepeHOCHHKaM, b reHOMe P. grylli (Dolgikh et al., 
2004), npHHazuie>KameH y^aneHHOH ot E. cuniculi (JmjioreHeranecKOH KJia^e 
(Vossbrinck, Debrunner-Vossbrinck, 2005). PacuiH^poBKa reHOMa naToreHa 
nepeneraoH capaHHH P. locustae , ocymecTBnaeMaa b HacToamee BpeMH aMepn- 
KaHCKHMH KonneraMH (http://forest.mbl.edu/cgi-bin/site/antonospora01), noKa- 
3ana, hto y jjaHHoro Bmta napa3HTOB 3 reHa KOOTpyroT TpaHcnopTepbi nnac- 
THOTo-6aKTepHanbHoro rana. 

Mcxo^h H3 uiHpoKoro pacnpocTpaHeHHH arax reHOB y MHKpocnopmmH h 
npHCyTCTBHH HeCKOJIbKHX KOnHH BHyTpH O^HOTO reHOMa, MO>KHO 3aKJIfOHHTb, 

hto ropH30HTajibHbiH nepeHoc nporoomen oneHb jjaBHO. C bbicokoh cTeneHbfo 
BepoflTHocra mo>kho yTBep>K,zjaTb, hto 3to yHHKaJibHoe npHoGpeTeHHe onpe^e- 
jihjio ycnex MHKpocnopH^HH Ha nyra a^anTauHH k BHyTpHKJieTOHHOMy paaBH- 
thk) h uinpoKoe pacnpocTpaHeHHe b KanecTBe napa3HTOB y npe^CTaBHTejieH 
Bcex ranoB >KHBoraoro uapcTBa ot npocTeftimix ,0,0 no3BOHOHHbix, BKJifonafl 
nejiOBeKa. 

YCHJieHHe MeTaGoJIHHeCKOH 3aBHCHMOCTH OT X03HHHa npH BHyTpHKJieTOH- 
HOM pa3BHTHH oGyCJIOBHJIO B03HHKHOBeHHe eilje OJlUOpL HHTepeCHOH OCoGeHHO- 
CTH (J)H3HOJIOrHH MHKpOCnOpH^HH - HCnOJIb30BaHHe COGCTBCHHOH MeTaGoJIH- 

necKOH cHCTeMbi tojibko Ha CTajura cnopw. 
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CnELJHcDMHHOE HAKOI1J1EHHE METAEOJ1MHECKMX 
OEPMEHTOB B CnOPAX MMKPOCIIOPM^MM 


KaK 6e>ijio oTMeneHo Bbime, cpaBHHTejibHbiH aHanH3 aKTHBHoc™ pa^a (J>ep- 
MeHTOB MHKpOCIIOpHAHH P . giylli IIOKa3aH ^OCTaTOHHO HeO^CHAaHHblH pe3yjlb- 
TaT. AKTHBHOCTH TJIHKOJIHTHHeCKHX (J)epMeHTOB, 4>OC(f)OrJlK)KOMyTa3bI H rjno- 
K03o-6-(J)oc4)aTAerH r aporeHa3bi b pa3BHBaiomHXCfl MepoHTax h cnopoHTax 
0Ka3ajiHCb 6ojiee hh3khmh, hcm b noKOHmnxcfl cnopax. HoBbie MeTo^ojiorHHe- 
CKHe B03M0>KH0CTH H3yHeHHfl 3TOTO BOnpOCa nOHBHJIHCb B xo,ae paCIUH(J)- 
pOBKH reHOMOB MHKpOCnopHAHH. Ha OCHOBaHHH nOJiyneHHblX aMepHKaHCKHMH 
KonjieraMH AaHHbix HaM y^anocb ocymecTBHTb niJ,P-aMnjiH(j)HKauHK) h kjiohh- 
poBaHHe nocne^oBaTejibHocTeH, Ko^npyiomHx 5 MeTaOojiHnecKHx (J>epMeHTOB 
P. locustae :: 4)oc(J>o(f)pyKTOKHHa3y (kjhohcboh KOMnoHeHT niHK0JiH3a), mhto- 
xoHApHajibHyio (j>opMy rJiHuepoji-3-(J)oc(J)aT ^erH^poreHa3bi, ajibTepHaTHBHyio 
oKcn,aa3y, anb(J>a ;h 6eTa cyQ'bejxummbi (J)epMeHTa El nnpyBaT,aerH,aporeHa3Ho- 
ro KOMiuieKca (Dolgikh et al., 2009). KpoMe Toro, Obijih KJioHHpoBaHbi nocjie- 
AOBaTejibHoc™, Ko^npyiomne pnjx HeMeTaGojiHHecKHx Ocjikob «£OMauiHero 
xo3«HCTBa» napa3HTa: MHTOxoHApHajibHyio (J)opMy MOJieKyjrapHoro manepoHa 
Hsp70, SNARJE-GeJioK cHHTaKCHH, Sec 13 cyO'be/jHHHuy KOMnnexca COP1I 
(Beznoussenko et al., 2007; /(ojithx h jip., 2010). reTepojiorHHHaa 3KcnpeccH*i 
KjioHMpoBaHHbix nocjie^oBaTejibHocTeH b GaKTepnax E. coli , nojiyneHHe aHTH- 
Ten k peKOM6HHaHTHbiM npo^yKTaM h nocjie^yiomHH aHajiH3 6ejiKOB cnop h 
CTa^HH BHyTpHKJieTOMHOfO pa3BHTHfl C nOMOIIJbK) HMMyHoGjIOTHHTa nOJIHO- 
CTbio noATBepAHJiH nojiyneHHbie paHee pe3yjibTaTbi. 5 H3yneHHbix 4>ep- 
MeHTOB aHepreranecKoro oOMeHa 6biJio noKa3aHo cneuH(J)HHHoe HaKonneHne 
b 3pejibix cnopax n OTcyTCTBne b CTa^n^x BHyTpHKJieTOHHoro pa3BHTHH. 
ripn 3tom npo6bi 6biJin BbipoBHeHbi no co^ep>KaHHK) oGmero GeJiKa c no- 
Mombio MeTo^a Ep3£(j)op,a (Bradford, 1976). B to ace BpeMH jxjm Bcex Gcjikob, 
HeBOBneneHHbix b oGMeHHbie npoijeccbi, HaOmo^anocb npnMepHO o^HHaKOBoe 
co#ep>KaHHe b cnopax n CTa^nax BHyTpHKJieTOHHoro pa3BHTHfl, hto HCKmonaeT 
Aerpa^aunio MeTaGojiHHecKHx <j>epMeHTOB npn Bbi^eneHHH MepoHTOB n cno- 
pOHTOB. 

Ha OCHOBaHHH 3TOTO MO>KHO 3aKJIK)HHTb, HTO eCJIH npH BHyTpHKJieTOHHOM 
pa3BHTHH MHKpocnopH^HH MoryT nojiHOCTbio nojiaraTbca Ha oOMeHHbie npo- 
ueccbl X03HHHa, nocjie (J)OpMHpOBaHH5I 060JIOHKH cnopbl OHH BblHy^eHbl 
Hcnojib30BaTb coOcTBeHHbiH MeTa6onH3M BbDKHBaHHH bo BHeniHeH cpe^e 
h 3apa>KeHHH hoboto xo3HHHa. Eojiee aeTajibHbin aHajiH3 oGivteHHbix npouec- 
COB y pa3JTHHHbIX BHAOB MHKpOCnOpHtfHH BblflBHJI p KJ\ R pyTHX HHTepeC- 
HblX OCoSeHHOCTeH. 


AJlbTEPHATMBHAfl flbIXATEJIbHAM lJEnb 
B AMMTOXOHAPMAJIbHbIX KJIETKAX MHKPOCnOPM^MM 

O^hhm h3 ocHOBHbix pe3yjibTaTOB GnoxHMHHecKoro (^oreHOMHoro) 3Tana 
H3yneHHH (J)H3HOJiorHH MHKpocnopn^HH cJie,ayeT npH3HaTb oOHapy^ceHHe 
b cnopax BbicoKoro co^ep^caHHH ancaxapn^a Tperajio3bi (Wood et al., 1970; 
Undeen et al., 1987), Tperajia3bi (Vandermeer, Gochnauer, 1971; Undeen et al., 
1987), KOMnoHeHTOB rjiHKOJiH3a h rjiHuepoji-3-d>,Z],r KaK e^HHCTBeHHoro 4>ep- 
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MeHTa, cnocoGHoro peoKHcariTb HA/IH, o6pa3yeMbin npn KaTa6oan3Me yrae- 
bo^ob (Dolgikh et al., 1997). IlepBaa pacuiH(J)poBKa reHOMa MHKpocnopH,zyiH 
E. cuniculi nojiHOCTbfo no^TBep^HJia 3 th aaHHbie, a Taxace BbiaBHaa b reHO- 
Me napa3HTa UH ron;ia3MarHHccKMH h MMioxoiiApnajibUbiii komiiohchibi ranue- 
po-(J)oc(j>aTHoro ncjinoKa, ocymecTBJiaiomero nepeHOC :)JicKiponoB c ranue- 
poa-3-(j)oc(j)aTa Ha BHyTpeHHioio MeMGpaHy mhtoxoh/iphh (Katinka et al., 
2001). riocKOJibicy MHToxoH^pHH He ObuiH oGHapyaceHbi y MHKpocnopH/iHH, no- 
cjiettHHH pe3yjibTaT OKa3aaca HeoacHflaHHbiM. O/ukiko b cjicavk'iiucm ro;;y c no- 
Mombfo aHTHTeji k MMioxonapnaabiioH (J)opMe manepoHa Hsp70 b KjieTKax 
mhk poc 11 op h /i hh Trachtpleistophora hominis 6bum oonapy/KCHBi mhtocomm — 
KpaHHe pe^yitHpoBaHHbie npoH3Bo^Hbie mhtoxohaphh (Williams et al., 2002). 
Ilo'yanee 3th opraHejuibi 6bian o6iiapy>KeHbi b KjieTKax MiiKpociiopn;uni E. cu¬ 
niculi (Tsaousis et al., 2008; Williams et al., 2008) h P. loeustae (Hanm HeonyO- 
jiHKOBaHHbie aamibie). Oahhm h 3 nanGoace BaacHbix otkpmthh b oojiacru 
H3yneHHH MeTa6oaH3Ma MHKpocnopH^HH OKa3ajiocb oonapyacemie b flByx yaa- 
jieHHbix cliHaoreiie iHHecKHx Kaaaax (Vossbrinck, Debrunner-Vossbrinck, 2005) 
iiocae/iOBareabiiocreH, KoanpyiomHx aabTepHaraBHyio OKCii;uny (Williams et 
al., 2010). fl,aHHbiH (J)epMeHT OTBenaeT 3a nepeHOC saeKTpoHOB ot MeMOpaHHbix 
nepeHOCHHKOB Ha KHcaopoa. TaKHM o0pa3OM, 6 wjio oGHapyaceHO nocaeaHee 
3BeHO b o6men cxeMe SHepreranecKoro oOMeHa enop MHKpocnopnaHH, cno- 

COOHblX CHHTe3HpOBaTb ATO B XOAC I JIHKOJIH3a H OCymeCTBJlflTb pCOKHCJICHHC 
HA,0,H c noMombfo ajibrepiiaiHBHOH abixareabiioH ueini. Hcabbuo mm noKa- 
3aaH, hto o6a KOMnoHeHTa 3 toh uenn (MHTOxoHapHaabHaa (})opMa ranue- 
poa-30)],r h aabTepHaTHBHaa OKCH^a3a) KoaoKaaH3yiOTCfl c MHToxoHapHaab- 
hmm manepoHOM Hsp70 Ha KpHocpe3ax enop MHKpocnopnaHH P. loeustae h 
paenoaaraiOTCfl Ha BHyrpeHHeH MexiOpaHe mhtocom. 

yHacrae KpaHHe peayunpoBaHHbix mhtocom b SHepreTHHeexoM oGMeHe hb- 
jihctch oahoh H3 (|)H3Ho;iornMecKHx oco6en hootch MHKpocnopHflHfi. B nacroa- 
mee BpeMs noKa3aHO, hto pyaHMeHTbi MHToxoHttpHH npHcyTCTByiOT b KaeTKax 
Bcex aMHTOXOH/tpHaabHblX ayKapHOTMHGCKMX MHKpOOpraHH3MOB, flBaJHOmHXCfl 

npeacTaBHTeaaMH TnnoB Heterocontophyta, Metamonada, Amoebozoa, Api- 
complexa h Microsporidia (Hjort et al., 2010). 3to npeanoaaraeT BbinoaHeHne 

HMH KaKHX-TO yHHBepCaabHbIX (])yHKHHH, >KH3HCHHO HCOOXOaMMBIX MHKpOOp- 
raHH3MaM. O^hoh H3 tbkhx 4>yHKttHH npH3HaHa cGopxa FeS-KaacTepoB, Bxoaa- 
mnx b cocTaB mhothx 6eaKOB. /(pyron BaacHOH (jjyHKuneH peayitHpoBaHHbix 
MHTOxoHflpnH MoaceT 6biTb hx ynacTHe b 3HepreTHHecKOM o6MeHe KaeTKH. 
3Ta 4>yHKUH5i noflTBepxc/ieHa aaa rnaporeHOCOM TpnxoMOHaa (Metamonada) 
(Steinbiichel, Muller, 1986), npoH 3 Boanbix mhtoxohaphh napa3HTHHecKoro 
npocTenuiero Blastocystis spp. (Heterocontophyta) (Stechmann et al., 2008) 
h KpHnTocnopH/jHH (Apicomplexa) (Abrahamsen et al., 2004; Xu et al., 2004; 
Mogi, Kita, 2010). ToabKo KpaHHe peayuHpoBaHHbie MHoacecTBeHHbie mhtoco- 
Mbi, oGHapyxceHHbie y aaMbann Giardia lamblia (Metamonada) (Regoes et al., 
2005), 3Hflonapa3HTHHecKHx aMe6 Entamoeba histolytica (Amoebozoa) (Tovar 
et al., 1999) h MHKpocnopHflHH, paccMaTpHBaaHcb b KanecTBe opraHeaa, an- 
meHHbix 3toh 4>yHKUHH (Hjort et al., 2010). Hamn HceaeaoBaHHa noKa3aan, 

HTO MHTOCOMbI MHKpOCnOpH^HH AOJI>KHbI 6bITb BbIHepKHyTbl H3 3TOTO CnHCKa. 

BaxcHO eure pa3 otmcthtb, hto (J)epMeHTbi aabTepHaraBHOH AbjxaTeabHOH 
itenH b oTanHHe ot MHTocoMaabHoro manepoHa Hsp70 cneitH(j)HHHO HaKanaH- 
BaKTicH b 3peabix cnopax P. loeustae. 3to yKa3biBaeT Ha cepbe3Hbie nepecTpon- 
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KH B COCTaBe 6eJIK0B MHTOCOM B XO^e >KH3HeHHOTO UHKJia napa3HTOB. rioCKOJIb- 
Ky cTpyKTypHo-(j)yHKUHOHajibHbie H3MeHeHHH mhtoxohuphh Ha6jnouaioTC5i 
b xoue >KH3HeHHoro uHKJia MHorHX napa3HTOB, hbjihhcb nepcneKTHBHOH mh- 
nieHbK) %jih pa3pa6oTKH HOBbix MeTO^OB XHMHOTepanHH (Kita et al., 2001), 
uajibHeimiee H3yneHHe ototo Bonpoca y MHKpocnopnuHH npeucTaBjmeT He- 
coMHeHHbiH HHTepec. 

HHTepeCHOH (f)H3HOJIOrHHeCKOH OCOOeHHOCTbK) MHKpOCnopH^HH 5 IBJDieTC 5 I 
nnacTHHHocTb oOMeHHbix npoueccoB He tojibko Ha pa3Hbix CTa^H^x >KH3HeH- 
Horo UHKJia, ho h b pa3JiHHHbix (J)HJioreHeTHHecKHX rpynnax. HaHGojibiiiHH 
HHTepec B 3TOM OTHOUieHHH npe^CTaBJIHKDT npeUCTaBHTeJIH KJiaUbI IV (KJiaCC 
Terresporidia), pa 3 BHBaiomHecfl b Ha 3 eMHbix xo 35 ieBax (Vossbrinck, Debrun- 
ner-Vossbrinck, 2005). riepBbie uaHHbie 06 yHHKaJibHOCTH oOMeHHbix npouec- 
cob y MHKpocnopHUHH H3 Ha3eMHbix xo3HeB 6 buiH nojiyneHbi npH aHajiH3e 
H 3 MeHeHHH couep»:aHHH Tperajio 3 bi b xoue 3 KCTpy 3 HH cnop (Undeen, Vander 
Meer, 1999). ABTopbi noKa 3 ajiH, hto y MHKpocnopHUHH H3 boahbix xo 3 *ieB — 
Edhazardia aedis (KJiaua I, KJiacc Aquasporidia), Vavraia culicis (KJiaua III, 
KJiacc Marinosporidia) h Anncalia (. Brachiola , Nosema) algerae (KJiaua V, 
KJiacc Aquasporidia) — BbiGpacbiBaHHe nojmpHbix TpyGox conpoBo>Kuajiocb 
CHH>KeHHeM KOHUeHTpaUHH TperajI03bI H o6pa30BaHHeM 3HaHHTCJIbHbIX kojih- 
necTB rnioK03bi. B to >xe BpeMfl HHKaKHx H 3 MeHeHHH b couep>KaHHH caxapoB He 
Hadjuouanocb b cnopax 7 bhuob napa 3 HTOB H3 Ha3eMHbix xo 35 ieB (KJiaua IV, 
KJiacc Terresporidia), BKjnonafl MHKpocnopnuHH Vairimorpha necatrix , V. ly- 
mantriae , Nosema disstriae h N. apis. 06Hapy>KeHHe reHOB ajibTepHaTHBHon 
OKCHua 3 bi y npeucTaBHTeJieii pouoB Trachipleistophora , Glugea , Spraguea 
(KJiaua III, KJiacc Marinosporidia) h Paranosema (KJiaua II, KJiacc Aquasporidia) 
npH hx oTcyTCTBHH y Bcex npoaHanH 3 HpoBaHHbix npeucTaBHTeJien KJiaubi IV 
(HecKOJibKO bhuob H 3 pouoB Nosema , Encephalitozoon u Enterocytozoon) no jx - 
TBep»:uaeT yHHKajibHocTb npeucTaBHTejien KJiacca Terresporidia. HecMOTpn Ha 
to hto reHOMbi MHKpocnopHUHH pouoB Nosema (Cornman et al., 2009) h Ecep- 
halitozoon (Katinka et al., 2001 ; Corradi, 2010) couep>KaT o 6 a KOMnoHeHTa tjih- 
uepo(})oc(j)aTHoro neJiHoxa, MHToxoHupHajibHaa rjiHuepoji-30/jr E. cuniculi He 
pacno3HaBajiacb upo>K>KeBOH chctcmoh HMnopTa GeJiKOB b mhtoxohuphh b ot- 
jiHHHe ot roMOJiorHHHoro 6 ejiKa P. locustae (Burri et al., 2006). HMMyHoc^jnoo- 
pecueHTHaa MHKpocKonnfl TaKHce He nouTBepunjia MHTOcoMajibHyio JioKajin- 
3 auHio 3 Toro 6 ejiKa b KJieTKax E. cuniculi (Williams et al., 2008). HanGojiee 
yHHKajibHbiM npeucTaBHTeJieM MHKpocnopHUHH KJiaubi IV HBjnieTca napa 3 HT 
MJieKonHTaiomHx Enterocytozoon bieneusi , nocKOJibKy b ero reHOMe He o 6 Ha- 
py>KeHbi KaKHe-jiH6o (j)epMeHTbi ynieBouHoro h 3HepreTHHecKoro o6MeHa, 3a 
HCKjnoneHHeM uHTonjia3MaTHHecKoii 4>opMbi rjiHuepoji-30/jr (Akiyoshi et al., 
2009; Keeling et al., 2010). 

K co>KajieHHio, Mbi noxa He oGjiauaeM uocTaTOHHbiM kojikhcctbom uaHHbix, 
HToGbl nOHHTb pOJIb CoGcTBeHHOH MeTaGoJIHHeCKOH CHCTeMbl B (|)H3HOJIOrHH 
cnop MHKpOCnOpHUHH H oGtHCHHTb GHOJIOTHHeCKHH CMbICJI MeTaGoJIHHeCKHX 
pa3JiHHHH Me>Kuy rpynnaMH. IIpHcyTCTBHe ajibTepHaTHBHon ubixaTejibHOH 
uenn b cnopax npeunojiaraeT hx 3aBHCHMOCTb ot KHCJiopoua, nocTynaiomero 
H3 OKpy>KaiomeH cpeubi. Taxon o6mch, BnojiHe B03M0>KHbiH b bouhoh cpeue, 
Mo>xeT 6biTb HapymeH npn nepexoue k napa3HTHpoBaHHio b Ha3eMHbix xo3^e- 
Bax. B 3tom cjiynae UJiHTeJibHaa auanTauna cnop k cyxoB03uyniHbiM ycjiOBHHM 
Mo>xeT npHBecTH k noTepe ajibTepHaTHBHon ubixaTejibHoii uenn, CHH>xeHHio 
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HHTeHCHBHoc™ oOMeHHbix npoueccoB h aKTHBHOcra Tperana3bi b cnopax, a 
Tax^ce k yBejiHHeHHK) coAep^caHHH yGhxhhohob (axaenTopoB 3JieiapoHOB) 3a 
cneT hx HaKonneHHH He tojibko b MeMOpaHe mhtocom, ho h b Apyrnx cTpyKTy- 
pax cnopbi ( 3 HAonjia 3 MaTHHecKHH peTHKymoM, TyOyJinpHbiH KOMnnexc ronb- 
A>kh, noJinponnacT h t. a). C oahoh CTopoHbi, AaHHan rHnoTe3a mo>kct o6bhc- 
HHTb nOTepiO aJIbTepHaTHBHOH OKCHAa3bI H HH3KyiO aKTHBHOCTb Tperana3bl 
y Ha3eMHbix bhaob MHKpocnopHAHH, a TaioKe 3BomoaHOHHyio penoKaJiH3auHK) 
MHTOxoHApHanbHOH niHijepoJi-3<I>,Hr E. cuniculi 3a npeAejibi mhtocom. C Apy- 
toh CTopoHbi, coxpaHeHHe hh^ckijhohhocth, coAep>KamHX anbTepHaTHBHyio 
OKCHAa3y cnop MHKpocnopHAHH P. locustae (KJiaAa II, KJiacc Aquasporidia) 
b xoAe AJiHTenbHoro xpaHeHHH b cyxHX nmeHHHHbix OTpydnx (npenapaT Nolo 
Bait™) n03B0JiHeT npeAnonoxcHTb He3aBHCHMyio aAanTaijHK) pa3Hbix rpynn 
K 3apa>KeHHK) Ha3eMHbIX X03HCB. HHTepeCHO OTMeTHTb, HTO 3KCTpy3HH nojwp- 
hhx TpyGoK y cnop MHKpocnopHAHH P. grylli H3 toh >Ke (jmnoreHeTHHecKOH 
rpynnbi He conpoBO>KAaeTCH thapojih30m Tperano3bi, Kan h y Ha3eMHbix napa- 
3HTOB KJiaAbI IV (^OATHX, CeMeHOB, 2003). B03M0>KH0, 3TO CBHAeTeAbCTByeT o 
KOHBepreHTHOM xapaKTepe aAanTaijHH b pa3JiHHHbix rpynnax MHKpocnopHAHH. 


3BOJHOIJMOHHAfl PEJIOKAJIH3AIJHfl MHTOXOHflPHAJIbHbIX 
BEJIKOB 3A nPE/JEJlbl MHTOCOM MHKPOCnOPH^HH 

B KanecTBe oahoh H3 yHHKanbHbix ocoGeHHOCTen (J)H3hojiothh MHKpocno¬ 
pHAHH MO>KHO paCCMaTpHBaTb H3MeHeHHe JIOKaJIH3aiJHH pHAa MHTOXOHApnanb- 
hhx SejiKOB, o6Hapy^<HBaeMbix 3 a npeAenaMH mhtocom. Hap^Ay c npeABapn- 
TenbHblMH AaHHbIMH O BHeMHTOCOMaJIbHOH JIOKaJIH3aiJHH MHTOXOHApnanbHOH 
niHaepoji-3<l>,Hr MHKpocnopHAHH E . cuniculi , TaKHe AaHHbie 6biHH nojiyneHbi 
AJiH AByx KJiioHeBbix KOMnoHeHTOB 6HOCHHTe3a FeS-KJiacTepoB MHKpocnopH¬ 
AHH T. hominis (6eJiKH Isul h (JjpaTaKCHH) (Goldberg et al., 2008). KpoMe toto, 
mbi noKa3ajiH OBomoitHOHHyio peJiOKajiH3aijHK) b ijHTonjia3My cnop P. locustae 
ajibcjm h 6eTa cyObeAHHHij c|)epMeHTa El nHpyBaTAerHporeHa3Horo KOMnneKca 
(URF) (Dolgikh et al., 2009). Ecjih b AByx nepBbix cjiynaflx OnoJiorHHecKHH 

CMbICJI H3MeHeHHH BHyTpHKJieTOHHOH JIOKaJIH3aiJHH MHTOXOHApHaJIbHbIX 6ejl- 

kob noxa He nceH, HaKonneHHe AByx cyGbeAHHHij YIJ\T b ijHTonjia3Me cnop 
BnojiHe oObhchhmo. CneAyeT OTMeTHTb, hto E2 h E3 KOMnoHeHTbi imr oTcyT- 
CTByioT b reHOMax Bcex H3yneHHbix bhaob MHKpocnopHAHH, h AaHHan peAyun- 
poBaHHan (J)opMa (|)epMeHTa oOHapy^ceHa tojibko y napa3HTOB 3toh rpynnbi. 

r eTepoJiornHHafl OKcnpeccnn ElaJib(j)a h E16eTa cyGbeAHHHij nnpyBaTAe- 
rnAporeHa3Horo KOMnneKca OaKTepnn Bacillus stearothermophilus b E. coli no- 
Ka3aaa, hto CMeniHBaHHe OHHmeHHbix GejiKOB npHBOAHT k (|)opMHpoBaHHK) aK- 
thbhoto TeTpaMepa (2 ajib(j)a h 2 6eTa cyGbeAHHHijbi), ocymecTBJiniomero 
OKHCJiHTenbHoe AeKapOoKCHJinpoBaHHe nnpyBaTa c o6pa30BaHHeM aaeTaTa 
h C0 2 (Lessard, Perham, 1994). llocKOJibKy MHKpocnopHAHH He hmciot reHa, 
KOAHpyiomero ATd) ijHTpaT Jina3y — KmoneBOH (J)epMeHT, OTBeTCTBeHHbiH 3a 
o6pa30BaHHe aaeraJi-KoA b HyKJieoijHT030JibHOM KOMnapTMeHTe, ecTb Bee 
ocHOBaHHA nonaraTb, hto (J)epMeHTbi mHKOJiH3a, ABe cyObeAHnnabi nnpyBaT- 
AerHAporeHa3bi h oOHapy^ceHHan b reHOMe aijeTHJi-KoA CHHTeTa3a BMecTe yna- 
CTByioT b cHHTe3e 3Toro oneHb Ba^CHoro coeAHHeHHA. HanpHMep, aueraji-KoA 
MO^CeT 6bITb Heo6xOAHM AAA aaeTHAHpOBaHHH THCTOHOB H aKTHBaiJHH TpaHC- 
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KpnnuHOHHOH aKTHBHOCTH xpOMaTHHa npn 3apa>KeHHH HOBoro xo3HHHa (Sterner, 
Berger, 2000). KpoMe Toro, anerannpoBaHHe GenicoB ttHTOCKeneTa McmceT nrpaTb 
Ba>KHyio ponb b hx CTpyKTypHOM B3aHMO,ztCHCTBHn (Hammond et al., 2008). 

Ha OCHOBaHHH BbIIlieH3JIO>KeHHOrO MO>KHO 3aKJlK)HHTb, HTO B XO^e 3BOJIK)- 
ijhh MHKpocnopH^HH MHHHMH3aitHH (JjyHKnHOHajibHoro annapaTa KjieTKH co- 
npoBO>K^anacb npnoGpeTeHHeM uenoro pn^a yHHKanbHbix ocoGeHHocTen, He 
o6Hapy)KeHHbix y ^pyrnx ayKapHOT. PacuiH(|)poBKa reHOMOB ttenoro pa^a mhk- 
pocnopn^HH OTKpbiBaeT nepe^a; uccne^OBaTeJiHMH HOBbie bo3mo>khocth b H3y- 
HeHHH KaK paCCMOTpeHHbIX Bbirne BOnpOCOB, TaK H HOBbIX HanpaBjieHHH. Or- 
hhm H3 HanGonee nepcneKTHBHbix HanpaBJieHHH ^anbHeHiuero nocTreHOMHoro 
aHajiH3a MHKpocnopH^HH HBJiHeTCH H3yneHHe hx ceKpeTOMa — KOMnneKca ceK- 
perapyeMbix GejiKOB h Bbi^cHCHHe hx ponH b napa3HTO-xo35iHHHbix OTHOiue- 
hhhx (/Jojirax h ^p., 2010). 
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UNIQUE CHARACTERISTICS OF THE ENERGY METABOLISM 
IN MICROSPORIDIA AS A RESULT OF DURATIONAL ADAPTATION 
TO THE INTRACELLULAR DEVELOPMENT 

V. V. Dolgikh, I. V. Senderskiy, O. A. Pavlova, A. M. Naumov 
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SUMMARY 

Microsporidia is a large group of fungi-related unicellular eukaryotes with obligate int¬ 
racellular lifestyle infecting a wide range of invertebrate and vertebrate hosts. Long adap¬ 
tation of the parasites to intracellular development resulted in extraordinary minimization 
of their metabolic system. The paper summarizes the original results and literature data on 
the study of microsporidian carbohydrate and energy metabolism. On the basis of the mate¬ 
rial, it is concluded that minimization of microsporidian cell machinery was accompanied 
by the acquisition of a number of unique characteristics, which were not found in other 
eukaryotes. 
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